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SUMMARY 



An empirical method, is given for estimating the aero- 
dynamic effect of ordinary and. split flaps on airfoils 
similar to the Clark Y. The method 1b "based, on a series 
of charts that have "been derived, from an analysis of ex- 
isting wind-tunnel data. Eactors are included by which 
such variables as flap location, flap spac, wing aspect 
ratio, and wing taper may be taken into account. A series 
of comparisons indicate that the method, would be suitable 
for use in making preliminary performance calculations and 
in structural design. 



INTRODUCTION 

In order to improve the speed range of"~aTrp lanes it 
is customary to use some sort of high-lift device. At ~ 
present the use for this purpose of either the ordinary" 
flap or some modification of the- Bimple split flap is al- 
most universal. Although the results of numerous "experi- 
ments for wings with flaps exist, little attempt has been 
made to analyze the data as a whole except in a qualita- 
tive way. The present note is intended to summarise avail- 
able data on the ordinary and split types of flap in such 
form that it may be readily used in estimating the charac- 
teristics of airfoils equipped with flapB. 
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SOOPB OT THE MBTHOD 



Ab the results have "been derived principally from 
tests made in the U.A.C.A. 7- by 10-foot wind tunnel on 
the Clark T airfoil, it is expected that the method will 
give the best results when applied to. similar airfoils. 
Besults from tests 6$ other airfoils have been included 
in several cases in order to derive factors by which mod- 
ifications of the flap arrangement may be taken into ac- 
count . 

The analysis given herein holds only for the range 
between maximum negative and maximum positivo lift* In 
this range the effect of flap displacement on the wing 
lift, drag, and pitching-moment coefficients as well as on 
the variation of the flap-lift and hinge-moment coeffi- 
cients is covered* The types of flap considered are the 
plain t railing- edge , or ordinary, flap and the split trail- 
ing-edge flap. Variations of the latter type of flap oc- 
cur as the pivoting point moves along, the lower surface of 
the wing section. 

The sources of the data considered in the. analysis 
and the important geometric charact ertBtios of the wings 
tested are given in table I. All tests were made with 
wings of aspect ratio 6 and without gap or balancing area. 
Only those tests in which the ratio of the flap to the 
wing chord was constant on the portion of the wing eguipped- 
with flaps were used in the analysis although_f actors for 
taking into account other slight variations are given. 
Wherever possible the results have been plotted in a form 
that permits comparisons with the existing flap theory to 
be readily made. Unpublished data have been used in sev- 
eral instances; hence the results are based on moro tests 
than would at first appear. 



SYMBOLS 



total 1-ift coefficient of wing with flap deflected. 



°Lw' 
A0 L , 



lift coefficient of portion of wing with flaps. 



lift coefficient for zero flap deflection. 



lift Increment due to full- span flaps. 



I. 
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o m in 



Blope of lift curve, per degree, 

slope of lift curve for aspect ratio 6, per degree, 

angle of attack of plain wing from zero lift, de- 
grees. 

flap angle, degrees* 

theoretical rate of change of a with 8j. 

proportion of total wing area equipped with flaps. 

ratio of mean wing chord of portion equipped with 
. flaps to the mean geometric chord of the wing. 

span-location factor for "lift . A 

a*spect-rat io factor. 

span- lb cat ion factor for pitching moment, 
wing aspect ratio* 

hinge location in fractions of chord from leading 
edge of wing. 

ratio of flap chord to wing chord c^/o^. 

total drag coefficient of wing with flap* 

■ 

induced-drag coefficient. 

minimum drag cbef f icient*f or plain airfoil. 



increase in profile drag .above Op 
increment added to Otj 

°min 



°min 

due to flap deflection. 



total pitching- moment coefficient about quarter- 
chord point of the mean chord with flaps de- 
flected. 

pitching- moment coefficient about quarter- chord 
point for plain airfoil. 



1, 
■ 
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AO 



m 



m 



increment of - p~itching~moment coe-fficient about 
quart er- c ho rd point due to full- span flaps* 

theoretical rate of change of pitching-moment coef- 
ficient with 5 f . 



f o 


flap lift coefficient at . a = 


0. 








flap lift- coefficient. 










theoretical rate of change of 


f 


with 


"if 




theoretical rate of" change of 




with 


5 j • 


<V 


flap hinge-moment coefficient 


• 






I o 


flap hinge-moment coefficient 


at a 


= 0. 






theoretical rate of change of 




with 


°X»w' 


h, 


theoretical rate of change of 




with 


8f • 


\, 


ratio of tip to root—chord. 









EFTB03J OT FLAP OH LIFT 

According to theory (reference l) the lift coefficient 
of an airfoil with an ordinary flap* is given by the ex- 
pression 

^3 L - ace + akSf (l) 

♦As used in the present report an "ordinary flap" is sim- 
ply the portion formed "by hinging the trailing edge of an 
airfoil about a point in the airfoil so that no gap is 
formed as the flap is deflected. A simple. "split flap" is 
formed when the trailing edge of an airfoil is split and 
the lower surface is deflected downward with no movement 
of the hinge point in a chordwise direction. 
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As no theory exists for an airfoil with a split f lap > 




in which I^IaKj.Ad^ is the part re^p resent ing~lih.e "increase 
in Oj, due to the flaps. It is obvious that the final 
value, of the increase in Cr may depend, in the case of 



an ordinary" flap, upon a combination of several variables: 
flap angle 8f . flap chord ratio 3, angle of attack C£, 
portion of wing equipped with flaps Kj. V flap location 
along the span, wing aspect ratio E, Vtng taper XT, and 
possibly others. In the case of split flaps," the hinge 
position x/c along the wing chord introduces an addition- 
al variable. When summarizing the data, _t_Iie effect's o-f the 
foregoing variables were taken into, account. 

. The AOj, of equation (2) is the increase" in the to- 
tal wing Cl that would occur with a full- span flap o~ri a 
wing of aspect ratio 6.. These values of AOj,. obtained 
from data given in reference 2 for "the Clark Y'wing, are" 
given in figure 1 for the ordinary flap. In order to en- 
able these increments to "be applied" to' other airfoils, 
they are plotted against the abso-lute angle of attack of 
the plain airfoil section, with the flap chord ratio and 
flap angle as parameters. Similarly, values of Ac L for 

■ the simple split flap were obtained from the data "given fn 
references 2, 3, 4, 5, and 6. The final, weighted curve b 
are shown in figure 2. These two figure's are considered 
to be the basic lift- increment curves, 

Jor split flaps in which the hinge location is either 
forward or back of the simple split-flap position a set of 
increments similar to those of figure 2 would be required 
for the various flap positions along the wing chord. In 
order to limit the number of figures a serieB of conver- 
sion factors (figs. 3(a), 3(b), and 3(c)) are given. The 
factor of figure 3(a) converts the actual flap system into 
an equivalent simple split-flap system so that it becomes 
possible to use figure 2 and to find the lift increments 
at the new value of 35. This lift- increment factor "was 
determined by comparing the values of Ac^,- obtained from 

the 'data given in references 3 and 7 in which the hinge 
location was varied , with the values of Ac^ for simple 
split flaps. - -■ 



6 



B.A.C.A. Toc&nical Note No. 571 



If a partial- span flap is used in conjunction with a 
wing of, different aspect ratio, the basic AOj, values. 

must he modified by various factors. The first is the 
proportionality factor Z lf defined as the proportion of 

the total wing area equipped with flaps. Such a factor is 
suggested by the fact that it would be natural to assume 
that if only half of the wing area had flaps only half of 
the- increments given in figures 1 and 2 would be realized. 
This assumption is, however, true only for certain cases, 
and consequently a span-location factor Tj. is necessary. 
This factor was obtained from an analysis of the data given 
in references 4 and 6 in which the effect of partial-span 
split flaps on both rectangular and tapered wings was re- 
ported. The .iifferent lengths a-nd locations of the flaps 
were obtained by cutting off portions of a full-span flap 
first from the tips and then from the center. Although 
this factor was derived entirely from testB of simple split 
flaps set at 60°, there is good reason to believe that it 
will hold for other flap angles and for the ordinary flap. 
The location factor is shown in the lower half of figures 
1 and 2 plotted against the centrold of the flap, measured 
from the wing center line, in terms of the wing semispan. 
The curves for tapers between 1*0 and 0.2 have been inter- 
polated beoause no data exist for intervening taper ratios. 

Although no tests are available of wJmgff with flaps 
for aspect ratios greater than 6, an aspectr-rat io correc- 
tion factor F 3 is necessary since the Increase in- Oj, of 
equation (2) is analogous to the ak8f of (l) in which a 
varies with the aspect ratio. This factor is, from the 
nature of the analysis, unity at aspect ratio 6. Tor oth- 
er aspect ratios it has been computed from the modified 
theoretical formula 



This factor is also plotted in figures 1 and z, 
t The average lift coefficient for only the portion of 



lyz-lng the data, is obtained by dropping the factor K x in 
equation (2). This lift coefficient is necessary to com- 
pute the flap lift and hinge-moment coefficients. 




(3) 
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. EFFECT OF IP-LAP ON DRAG 



In the case of" drag, airfoil theory provides for the 
computation only of the induced part, which is given "by 
the equation 

* 

where (J Is a factor correcting the induced drag to allow 
for changes from the elliptical span loading. For ordi- ._. 
nary airfoils it is customary to consider that the remain-* 
der of the drag coefficient consists of two parts; one, 
C-n , the minimum drag coefficient and the other, ACti , 
°min 0 

the Increase in profile drag ahove Ct>- . The latter may 
, -^Omin 

"be dependent upon camher, thickness, and c i 0 pt » tne wing 

Or at Cfl .- Several empirical expressions exist for 
°min 

this increase "but , as they do not agree with the data on 
airfoils with flaps, they will not he given. 

F or airfo^ils with flaps, the same divlBion_ of _dx&g is 

made an&i in addition, a new term Ac-ru is intro duce)!. " 
*&min -■ 

This term represents the Increase in minimum drag due to 
flap deflection. These increments are given in figures 4 
and 5 for full-span ordinary and simple split flaps, re- 
spectively. The numerical values for AOj) . were ob- 

tained mainly from an analysis of the data previously re- 
ferred to in the discussion of the curves for the lift in- 
crements. 

The increase in the profile-drag coefficient ahove 
Op for wings with full-span flaps with a constant 

°min 

flap chord ratio can he given approximately "by 

A0 Do = 0.016 (0 L ---0.2) 3 " (5) 

This expression holds reasonably well at lift .coefficients 
"below 1, hut from that point to the stall of the particu- 
lar combination "being investigated it is at "best only an 
average of quite widely scattering points. 
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The induced drag for wings with full- span flaps of 
constant flap chord ratio is given by equation (4) where 
a may usually be omitted, as it 'a small. If wings with' 
partial-span flaps or with varying flap chord ratios are 
used,- however— a may become quite large. Jor a given 
case its magnitude may be theoretically . determined but the 
determination would entail considerable labor, which ordi- 
narily would not be justified. Lacking the correct value 
of a for these cases, the value of Oj^ can be deter- 
mined only approximately by the usual methods. In order 
to serve as a guide, "Ehe value of Cp^ + A0d q obtained by 

the addition of equations (4) and (5) is plotted in fig- 
ures 4 and 5 for several aspect ratios. 

The only modifying factor included in the drag ex- 
pression is the previously found proportionality factor 
E ia Introducing this factor, the total' drag coefficient 1 
for the- wing with either the ordinary ojr the simple split 
flap is given by 



"1 1 "o, Omin °min ; 

The values of Ac-n as given by figures 4 and 5 may be 

°min 

considered to be section increments of profile drag. 

As in the case of the lift increments, the' effect of 

different hinge locations of the split vflap is taken care 

of by correcting to an equivalent simple split flap before 

determining AGd_ . from figure 5. BheBe conversion 

°min 

factors, which were obtained from the dlata given in refer- 
ences 3 and 7 by a simple comparison with the AOj 

°min 

values for the simple split flap, are slhown in figure 3(b). 



HPITECT OJ 7 LAP 017 PITCHING MOMENT 



The theoretical pitching- moment relation for an air- 
foil with an ordinary flap is 

°m = 0 mo + m5 f (7) 



and, proceeding as before, this equation may be written i& 
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a similar form 

c m = °mo + ^i^3 Ac m " * 

whoro KiEsTsAOja is the increase in the pitching moment 
due to the flaps. Jor the ordinary flap the effect of the 
following variables on the increase in 0 m has "been de- 
termined: flap angle, flap chord ratio, portion of wing 
equipped with flaps, flap location along the span, wing 
lift, and wing taper. In the case of the split flap the 
effect of the hinge position along the wing chord, has also 
"been determined. 

The AC m of equation (8) is the increase in 0 m 

that would occur with a full-span flap on, a wing of aspect 
ratio 6. Its values for the ordinary flap were obtained 
from data given in reference 2, supplemented by some un- 
published results. Plots of A(3 m against the wing-lift 
coefficient, with flap angle and flap chord as parameters, 
showed Ac m to be practically Independent of flap chord 

ratio .(i.e., E = 0.1 to 0.4) for a given flap deflection 
and to depend mainly upon the flap angle and the value of 
Cjj* The final averaged curves for the ordinary flap are 

given in. figure 6. A similar procedure was followed for 
tho simple split flap using the data given in references 
3, 4, and 5. The final curves for A0 m are given in fig- 
ure 7. .... 

Tor split flap 8 in which the hinge position is dif- 
ferent from tho simple split-flap position, a conversion 
factor has "been derived. As the pitching moment was found 
to be independent of I!, the effect of varying the hinge 
position along the wing chord could hot be taken into ac- 
count by correcting to an equivalent simple split flap as 
was done for the lift and drag. Using the data of refer- 
ence 3, in which the hinge line waB moved rearward, the 
values of A0 m were plotted against 0 L for various flap 
angles and for various flap chord ratios. It was noted 
that the percentage increase in the pitching-moment incre- 
ment over that of a simple split flap at an/ equal flap an- 
gle and for a given "backward movement of the hinge point, 
was practically the same. The variation of this factor is 
shown in figure 3(c). 

The curves given in figures 6 and 7 have been derived 
for full- span flaps. If partial- span flaps are used, a 
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proportionality and a location factor must be introduced. 
The proportionality factor I x is the same as that used 
in the lift and drag expres sions . The location factor T 3 
for pitching moment has been derived entirely from refer- 
ence 4 by assuming that such a factor existed and by work- 
ing backward through the data given there to determine its 
value. This factor, although -derived from data on simple 
split flaps, is. assumed to hold for ordinary flaps and for 
other modifications of the split flap. 

For tapered wings in which the rib aerodynamic cen- 
ters across the span lio on an unbroken straight line, an 
additional factor Z a (defined in list of symbols) must 
be introduced to obtain the total pitcrhingr-moment coeffi- 
cient about the quarter-chord point of the mean geometric 
chord. Introducing this factor, the expression for pitch- 
ing moment can be given very nearly by equat ion . ( 8) . Por 
tapored winge in which the rib aerodynamic centers lie on 
a curved or broken line, formula (8) would hold if the 
load distribution wore such that it produced no pitching 
moment about the quarter-chord point of the mean. geometric 
chord, A bettor method would bo to assume the A0 m val- 
ues of figures 6 and 7 to be section characteristics and. 
to integrate across tho span for the total pitching- moment 
coofflciont about tho desired po.int. Such a pro_codure 
would require that. tho distribution of 0 L along tho span 
bo known. 

Although tho data of reference 7 wero not diroctly 
usod in establishing figure 7, thoy served, novorthole ss , 
to confirm tho fact that tho hinge raomont at a given value 
of the wing liftand flap angle was practically the same 
for the different -hinge locations (i/c) of the split 
flaps reported therein. 

HINGE MOMENT 07 7 LAP 



The hinge-moment coefficient is probably the most im- 
portant of the flap coefficients for it must be known in 
order to design the control mechanism of the flap. Theo- 
ret"lrc~a"lly it is given by the formula 

C h f = h o % - ** f " °h fo < 9 > 
Tho data on the variation of this coefficient for the or- 
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dinary flap are limited to tho so given in references '2 and 
8 and for simple split flaps to those in references 5 and 
7. In references 7 and 8 the data, regarded as giving 
mainly, qualitative results, were obtained from preBsure- 
distribution tests. on single ribs. 'The first step In the 
analysis of tho hingo moment was to "base the coefficients, 
where necessary, on the flap chord and the flap area rath- 
er than on the wing chord and the wing area, as had be erf 
done in some cases. These values were then plotted against 
the wing lift coefficient for each flap chord ratio and 
each flap angle. A comparison of the data on the two 
types of flap led to the conclusion that the hinge-moment 
coefficient is almost the same for both the ordinary and 
simple split flap and that it is, for practical purposes, 
independent of flap chord ratio. The final faired curves 
are given in figure 8. Values of are plot tod "against 

Cj^ instead of 0 L since with partial-span flaps the 

hinge moment depends upon the lift on that portion of the 
wing over which the flap extends rather than upon tho lift 
of the whole wing. 

LITT OH 3TLAF 



Tho flap lift coefficient for an airfoil with an ordi- 
nary flap is givon theoretically by " 

c L f = *o C L W " *6 f + 0 LfQ (10) 

The data on the variation" of this coefficient are at pres- 
ent very meager, being limited to those given in refer- 
ences 5 and 7 for simple split flaps and to those in ref- 
erence 8 for ordinary flaps. - ■ 

lor the simple split flaps, both sets of data agree 
in showing that the rate of change of with 0l w de- 

creases practically to zero as becomes fairly large. 

The two references do not, however, show the same magni- 
tude of 0 L;f for similar flap angles but differ by amounts 

not exceeding 0.2. The flap loads in reference 8 were 
given more weight in obtaining the curves of figure 9 be- 
cause they wore obtained by direct measurements. The data 
of reference 7 served, however, to establish the conclu- 
sion that the lift on the split flap for equal flap angles 
and flap chord ratios may be considered as invariable with 
hinge location when compared on the basis of equal values 
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of 0l w « B y tho -use of a value of 0^ instead of 0 L , 
the effect of partial-span flaps may bo estimated, 

Tho ordinary (reference 8) and split~f-lap data indi- 
cato that tho flap lift may he considered the same for 
"both types* It must he remembered, however, that this 
conclusion is hasod on a single comparison between— a pres- 
sure-distribution test ovor a single rib and a series of 
force tosts* 

DISCUSSION Or CHARTS 



A comparison of figuros 1 and 2 will show that tho 
lift increments for ordinary and split flapB are not ap- 
preciably different. At the high angles of attack the 
lift increments of the split flaps tend to be slightly 
higher than those of- the ordinary flaps, inferring a some- 
what higher maximum lift. At the low angles of attack, 
particularly for low flap deflections, the lift increments 
for tho ordinary flap tond to be larger than those fa* the 
split flap* 

Tho lift increments, in general, increase with flap 

angle and flap chord but do not follow any general law. for 

variation with angle of attack. At the angle of attack 

corresponding to Ct of the wing with undeflected 

"max 

flaps, the lift increments become smaller with increasing 
flap chord- ratio and flap angle* v 

Tor airfoils not similar to the Clark T in thickness 
and camber the lift increments do not apply although the 
method could be used provided that suitable lift-increment 
charts were available. Qualitatively, the effect of in- 
creasing the camber should be to decrease the lift incre- 
ments for a givon angular movement of the flap, since the 
true flap displacement should probably be measured from 
the zero lift direction of the plain airfoil section* 

When the lift increments for the N.A.C.A. 23021 (ref- 
erence 2) were compared with those given in figures 1 and 
2, it was obvious that the effect of thickness was, in 
this case, to increase the lift increments considerably at 
the large angles of attack and to decrease them at the 
small angles. If flaps of short chord were used on thick 
airfoils, however, the effect of^the flap would probably 
be partly masked by the effect of the boundary layer.. The 
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location factors (figs. 1 and. 2) show, as would he expect- 
ed, that when partial- span flaps are -used on nearly rec- 
tangular wings, they are most advantageously placed near 
the center line. 

It will, "be noted that even though for the highly ta- 
pered wing the. location factor indicates a higher unit 
loading when tho flaps are placed near the tips, tho in- 
crease in. location factor is not sufficiently rapid to 
compensate for tho decrease in the area affected hy the 
flap. The conversion factor (fig. 3(a)) indicates that, 
for a given flap chord and angle, larger increments of 
lift occur as the split flap is- moved "backward and smaller 
ones as it i-s moved forward. 

Eecent tests have shown that the lift increments may 
"be considered to "be independent of Eeynolds Number. Thus, 
it is possible to apply these result s in computing the 
lift characteristics of the full-scale airplane, or wing 
with flaps, provided that the lift curve for zero flap de- 
flection is known. 

The AC-n curves indicate that" aT slightly lower 

u °min 

drag would "be obtained throughout the lift range with the 
ordinary flap than with the simple Bplit flap. The con- 
version factors for drag on split flaps (fig. 3(b)) indi- 
cate that moving the split flap rearward tends to decrease 
the minimum drag; whereas moving it forward increases it. 
This variation has been inferred in several other publica- 
tions. 

The pitching-moment curves (figs. 6 and 7) show that 
the AC m values obtained with plain flaps at low lifts 
are higher than those for the simple split flap and that 
at high lifts this difference approaches zero. The loca- 
tion-factor curves for pitching moment show that, over 
most of the range, the value of the location factor is 
unity and may,, in many cases, bo neglected. On the other 
hand, -the conversion-factor curve for split flaps shows a 
tremendous increase in pitching-moment coefficient about 
the original quarter-chord point as the hinge point is 
moved backward. The pitching-moment increments of figure 
7 in the case of a 20-percent-chord flap moved back to the 
90-percent-chord point are 45 percent larger than those 
for a similar simple split flap. Conversely, moving the 
flap forward decreases the increments, although sufficient 
data are not available to establish d.ef initely . the dotted 
portion of figure 3(c). 
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ACOUBAOT 



All the experimental points have "been omitted, from 
the charts for the sake of clarity. In order 'to gage the 
accuracy of the charts and the method, however, several 
figures comparing the computed and experimental airfoil 
characteristics are included. Comparisons are made of the 
lift, drag., and pitching-moment coefficient s— where possi- 
ble. 

Figure 10 compares the computed and observed charac- 
teristics for a simple split flap on a Clark Y airfoil. 
Since tho experimental data given in this figure-wore used 
in deriving the lift- increment chart, a good agreement, was 
to be expected. Similar comparisons are no-t given for the 
ordinary flap because the same variation between the com- 
puted and experimental values would appear. 

A truer idea of the discrepancies to be expected in 
applying the method is gained from figure 11 in which the 
effects of different airfoil sections as well as the dif- 
ferences obtained from tests in various tunnels are repre- 
sented. In some cases tests were made of a full-scale 
airplane; others are tests of model wings at different 
values of the Reynolds Number. 

Similar comparisons of the ordinary flap and of other 
chordwise positions of the split flap agree as well except 
when the hinge point is moved- to coincide with the trail- 
ing edge. In this case the conversion factors of figure 
3(a) do not hold. The agreement for highly tape-red wings 
1b good throughout most of the lift range except at the 
stall where it is noted (reference 6) that the angle of 
maximum lift decreases with increase in flap angle. Tor 
rectangular wings, and -presumably for those with small ta- 
per, the angle of maximum lift with flaps deflected is 
the same as for the plain airfoil so that no reduction in 
angle of attack is necessary in order to gage the maximum- 
lift coefficient. In tho application of this method to 
compute the characteristics of highly tapered wings with 
flaps some estimate must be made of the decrease in the 
angle of maximum lift with flap angle* At present refer- 
ence 6 is the only source that furnishes any data on this 
point • 

Figure 12 gives the data on the hinge moments of full- 
span ordinary and simple split flaps. The different air- 
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foils, flap chord ratios ( and flap angles are indicated 
in figure 12 and the curves of figure 8 are included for '* 
comparison. 

Consideration of the range covored "by tho comparisons 
shows that those charts may he used to givo a reasonable 
estimate of the effects of flaps on the airfoil character- 
istics. Although the absolute values of the increments 
.may change as more data are obtained, the method used 
herein is convenient for purposes of analysis as a compar- 
ison may he easily made with the results of flap theory. 



USB OT THE CHARTS 



In order to illustrate the use of the charts in tho 
determination of the aerodynamic characteristics of an 
airfoil with flaps the following example is included. 

Given: Wing of plan form and flap dimensions as 
shown in figure 13 with H.A.C.A. 2212 airfoil section. In 
order to apply the method it is assumed that the Gj 1Q and 

C m curves are given and that 0-n is known. 

0 °min 

To find: The characteristics of the complete wing 
and the flap coefficients at an angle 2^° "below the stall 
angle of the plain wing when the flap is deflected 45°. 

Solut ion: 

Absolute angle of attack of basic section at desired 
angle, 20°. 

Lift coefficient at 20° absolute angle of attack, 1.5 

Minimum- drag coefficient with no flaps, 0.009. 

c m 0 at 2 0° absolute angle of attack, -0.03. 

K lt 0.583 (by computation). 

K 3 , 1.166 (by computation) . 

1.00 (fig. 2 for taper = 0.5 and centroid at 
0.476). 
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F a ," 1.03 (fig. 2, for H = 7). 
3P 3 , l.Op (fig. 7). 

Equivalent simple split flap for lift increments with 
hinge point 10 percent c forward of simple position, 
E = 0.195 (fig. 3(a)) . 

Equivalent simple split flap for drag, E~~= 0.28 (fig. 
3(d)). 

P itching-moment factor, 0.7 (fig. 3(c)). 

Lift increment (for E = 0.195, 5f = 45°), 0.68 (fig. 
2). 

°L = H Q + E i AOj, 

= 1.5.+ (0.583 X 1.0 X 1.03 X 0.68) = 1.91 

Drag increment (for E = 0.28, 6f= 45°), 0.155 (fig. 
5). 

. <b = (0 Di + A0 Dq ) + 0,^^ + AO,^ J 

= (0.217) + 0.009 •'+ (0.5*8"3 X 0.155) = 0.317 

Pitching-mdment increment for 6f = 45° and at a 

value of C T = 2.20, obtained from 1.5 + (1.0 X 1.03 X 
■"w 

0.68) , -0.212 (fig. 7) . 

°m = °m 0 + K i K 3 ^°m x pitching-moment factor 

= -0.03 + (0.583' X 1.166 X 1.0 X -0.212 X 0.7} = 
-0.131 

Hinge-moment coefficient for 8f - 45° and Cj^ = 
2.23, -0.543 (fig. 8). 

Hinge moment = Oj^ qSf c f 

= -0.543 X qSf Cf 

where Sj is tho area of the flap and q is the dynamic 
pressure* 
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Tlap lift coefficient for 8f = 45°, 3 = 0.25 and 
at 0 Lw = 2.23, 1.3 (fig. 9). 

Load on flap = Oi, f qSf = 1.3 qSf 

The ■ foregoing procedure could "be repeated for other 
angles and hinge po Bit ions to obtain a complete solution. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Oommittoe for Aeronautics, 
Langley Tlold, Ta. , September 16, 1935. 



18 NiA.C.A. Technical Note No. 571 

( 

REFERENCES 



1. Glauert , E. : Theoretical Eelat ionships for an Airfoil 

with Hinged Flap. E. & H. No. 1095, British A.R.O., 
1927. 

2. Wenzinger, Carl J.: Wind-Tunnel Investigation of Ordi- 

nary and Split Flaps on Airfoils of Different Pro- 
file. I.E. No. 554, N.A.O.A.. 1936. 

3. Weick, Fred E., and Harris, Thomas A.: The Aerodynamic 

Characteristics of a Model Wing Having a Split Flap 
Deflected Downward and Moved to the Bear. T.N. No. 
422 , N.A.C.A. , 1932. 

4. Wenzinger, Carl J.: The Effect of .Partial-Span Split ■ 

Flaps on the Aerodynamic Characteristics of a Clark 
T Wing. T.N. No. 472, N.A.C.A., 1933. 

5. Wenzinger, Carl J.: Wind-Tunnel Measurements of Air 

Loads on Split Elaps. T.N. No. 498, N.A.C.A., 1934. 

6. Wenzinger, Carl J.: The Effects of Eull-Span and Par- 

tial-Span Split Elaps on the Aerodynamic Character- 
istics of a Tapered Wing. T.N. No. 505, NiA.C.A., 
1934. 

7. Wallace, Eudolf N. : Investigation of Full-Scale Split 

Trailihg-Edge Wing Elaps with VariquB Chords and 
Hinge Locations. T.E. No* 539, N.A.C.A. , 1935. 

8. Jacohs, Eastman N. , and Pinkerton, Robert M. : Pressure 

Distribution Over a Symmetrical Airfoil Section with 
Trailing-Edge Elap. T.E. No. 360, N.A.C.A., 1960. 



I.A.O.A. 



Vsga 19 



TAB LI Z 
Summary of Raf axenoa Data 



Souxoe 


Airfoil 
aaotion 


Tapsx 

X 


■ 


Flap 

spaa, 

pax- 

oattfc to 


risp 

angle, 
degxeaa 


Hinge 
looa- 
tloa, 
pexoent 

oboxd 


Data gtren for 1 -) 


Raaaxks 


Ordinary flaps 


Rafer- 
aaoa 8 


RAT-30 


1.0 


0.10 
.80 


8) 


10.80,80, 
40,80 


r eo 
I 80 


Obq 


Oa 


°*f 


°*f 


Pxesauxe 
dietri- 

toution 


Rafaz- 
anoa 8 


Olaxk T 


1.0 


' 0.10 
■ .80 
.80 


100 


18,30,48, 
60 




" 90 
80 
. 70 


°-o 


Oa 


% 




roxoa 
taata 

on 
modal 
wing 

RJf. 
606,000 


I.A.O.A. 
88018 


1.0 


0.80 


100 


18,30,48, 
60 


80 


% 


Oa 


°*f 




I.A.O.A. 
83081 


1.0 


0.80 


100 


18,80,48, 
60 


80 


°-o 


Oa 


Oh, 




S) 


I.A.O.A. 
8818 


1.0 


0.18 


100 


18,80,48, 
60 


68 


°-o 


o. 






Split flaps 


Refax- 
aaoa 7 


I.A.O.A. 
8818 


1.0 


' 0.10 
. .80 
.80 


88.8 


"80,40,80 

. 10,80,40 
60 

80,40 


70,60,90 










roxoa 
tasts 

on 1-88 
airplane 


Rafax- 
anoa 8 


Olaxk T 


1.0 


" 0.80 
.80 

.40 


100 


16,30,48, 
60 


■ 


'80,90,100 
70,80^90, 

60,70,80, 

6o,ioo 










force 
taata 

oa 
modal 
wing 

O. 
809,000 


Refar- 
enoa 4 


Olaxk T 


1.0 


0.80 


■ 


100 
80 
80 
40 

. *> 


60 


80 


°«0 


Oa 






Rafex- 
anoa B 


Olaxk T 


1.0 


' 0.18 
.88 


100 


' 16,80,46, 

. 60 

16,80,46 


• 


• 

86 
78 

- 


% 


°» 


°*f 


°*f 


Rafax- 
anoa 6 


Olaxk T 


0.8 


" 0.88 
.18 


■ 


100 

"lOO 

80 
80 
40 

L 80 


18,80,46, 
60 

1 " 


■ 


78 
> 86 


\ 


Oa 






8) 


I.A.O.A. 
8818 


1.0 


0.18 


100 


16,80,48, 
60 


66 


°-o 


0. 


°*f 





aourooa giYe taluas of Oj,, 0^, Og, and On^^ 
^Results froa praasuxa-diatriDutioa tasts on single rib. 



Unpublished. 




48 -B -4 0 4 8181880 

Abaoluta angle of attaolc, a ,degx»H 

I 1 1 1 1 1 1 [ 1 1 1 

Location factor 




Oaatrold of flap, parotzrk wing atmiipan 
Figura 1.- Idf* InoToaaatt fox ozdlnaxy flaps • 




0 4 8 18 

anaoluto angle of atlaok, et , degree* 









Location 


factor 
















i 




















# 

9t Ek 


bio f 


MtOX 








II 


IP*X 9 


■atlo, 


X 














r 


1.00 

- .78 

- .80 




Ol ' 




*l»8l 






■ .80 

1 J 




1 1 
t upsot ratio 

6 I I 


) ..J 





1.8 








1.0 








.8 




.8 


1 






.4 


i 


.8 





Oeatrold of flap, percent wing aemlepaa 
rigor* a.- Lift laoxtaanta for alaplt split flap** 



.A.O.A. 



rig 




38 

1 

si. 



.80 .30 .40 .60 

Qeoaetrio flap ohord ratio, I 

















—7^ 
























y 






































































































roenl 


age t 


iaok - 










(0) 



=10 



10 80 SO 40 60 

Hinge looation with recpset to •iapla poaltlon 



Figure 3.- Ooorersloa faotora for lift, drag and pitohing-soatat ooeffiolenta 



C.A. / Tig. 4 

















.Abj 


ect 


ratic 


4 -- 


7 

/ 


























A 






























/ 


6 
























-A 


f 


8 
























/ 




10 

















































































































































0 .4 .8 1.2 1.6 2.0 2.4 2.8 

lift coefficient, Oj, 




0 10 20 30 40 50 60 70 

Flap angle, 8f , degrees ' 

fflgure'4.- Drag increments for ordinary flapB. 
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Figtire 10.- Comparison of computed- and. observed characteristics for simple split flaps on a 
Clark Y wing. 



N.A.C.A. 




0 10 -10/ 
Angle 7 of attack. oL , degrees 
Figure 11.— Comparison of computed and observed characteristics for 
simple split flaps. ■ — 



H.A..O.A. 



rigs. 12,13 




.10 . IB .80 .86 .80 
Clark ?{»• JJ K If ordinary 



V.A.C.A. 8818 { A* A ^ 

Figure 13. Comparison of hingo-momont ooefflolent for 
ordinary and split flaps. 
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Figure 18..- Wing used in example. 



